In a nationwide incident case-referent study stepwise univariate analysis has revealed several risk determinants for childhood diabetes mellitus. In a multivariate analysis we have determined the set of risk determinants that would independently predict childhood Type i (insulindependent) diabetes. Possible interactions between the risk determinants and differences in risk profiles with different ages at onset were also examined. Reported familial insulintreated and non-insulin-treated diabetes were significant risk factors in all age groups, as was also a low frequency of milk intake. The frequency of infections and a high intake of foods rich in nitrosamine tended to interact (OR 11.8,p = 0.053) indicating a synergistic effect. A Cox regression analysis revealed that stressful life events during the last year was the only variable that tended to affect the age at onset (p = 0.055). This indicated that psychological stress may rather precipitate than induce Type i diabetes. A short breast-feeding duration (OR = 3.81), and an increased body height (OR = 3.82) contributed significantly to the predictive model in only the youngest age group (0-4 years). An increased frequency of infections in the year preceding onset (OR = 2.15) and no vaccination against measles (OR = 3.33) contributed significantly to the model only in the age group 5-9 years. Various nutrients had different impacts on the risk of developing Type 1 diabetes in different age groups. It is concluded that in the genetically susceptible child, risk factors which are associated with eating habits, frequency of infections, vaccination status, growth pattern and severe psychological stress affect the risk of developing diabetes independently of each other. The set of risk determinants varies with the age at onset. A high frequency of infections and a high frequency of nitrosamine-rich food intake seem to have a synergistic effect on the risk of developing diabetes in childhood.
Type I (insulin-dependent) diabetes mellitus is thought to be the result of environmental factors which, alone or in combination, in the genetically susceptible individual, trigger an immunopathogenic process leading to Betacell destruction. The time of onset may also be determined by the need for peripheral insulin as indicated by the peak incidence occurring during puberty for both sexes [11. The Swedish childhood diabetes study is an epidemiological project with aims at determining risk factors for the disease. It is based on the continuous registration of all new cases occurring in the 0-14 year age group [1] . An incident case-referent study covering all recent-onset diabetic children in Sweden and two age-, sex-and cotmtymatched referent children traced with the official population register was performed during the period 1 September 1985 to 1 September 1986. The results of this study have been analysed in blocks, based on a conceptual model [2] and using standard epidemiological methods with internal standardizations. An increased risk of developing Type 1 diabetes in childhood was indicated by the following factors: 1) Reported presence of insulintreated as well as non-insulin-treated diabetes, thyroid and rheumatic disease among relatives [3] . 2) Maternal age over 40 years, low maternal education and a short duration of breast-feeding [2] . 3) A high frequency of intake of foods rich in protein, nitrosamine and nitrites/nitrates as well as complex carbohydrates and a low frequency of milk intake [4] . 4) A high frequency of infectious disease during the year preceding the onset and no vaccination against measles [5] , stressed life events [6] and rapid growth (Blom L, Persson L-A, Dahlquist G., Unpublished data).
The univariate analyses indicated that some of the risk factors were of significance only in certain age groups [2, 5] . The results of these studies have now been re-analysed by multivariate methods: (1) To identify which set of risk determinants will independently predict childhood diabetes when considered together. (2) To examine possible interactions between the risk determinants. (3) To analyse whether the predictive model will differ in different age groups. (4) To ascertain which of the risk determinants were important for the age at onset of the disease.
Subjects and methods

Study population and methods
The study was approved by the Ethics Committee of the Karolinska Institute and the Swedish Data Inspection Board. In the Swedish Health Care System all children aged 0-14 years with suspected diabetes are referred to paediatric departments. Since 1 July 1977, H1 incident cases of diabetes are reported from the paediatric departments to a central register in Stockholm [11. The level of detection in this register has been determined as 99 % [7] . From 1 September 1985 to 31 August 1986 a total of 405 cases were registered, Twelve of the patients had refused to supply their civic number. Thus, questionnaires were sent to 393 diabetic and to 786 referent children, the latter being traced through the official Swedish population register and matched by age, sex and county. The questionnaire was returned by 339 (86%) of the diabetic and by 528 (67%) of the referent families. Information about vaccinations and growth charts was obtained from the children's health care centres and the school health service. There were no significant differences between those who returned and who did not return the questionnaire concerning the age, sex and county of residence of the diabetic or referent children.
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Statistical analysis
Univariate and multivariate analysis was performed using the EGRET software (Epidemiological Graphics Estimation Testing. Statistical and Epidemiological Research Corporation, Seattle, Wash., USA). In the univariate analysis, the exact odds ratios and confidence limits were calculated. The tests for trend were performed by means of the Mantel-Haenszel's extension test. When three levels of exposure were used, the strata were obtained by dividing the range of the values in all individuals and designating stratum 0 as < 25th centile, stratum 1 = 25-75th centiles, stratum 2 > 75th centiles. Length was defined as a risk factor when the standard deviation (SD) score (the individual length expressed as a multiplier of the SD of a reference population) by age and sex was > 0.1. The mean of growth measurements recorded 5-1 years before onset of the disease was then used. As in the univariate tests, the ratios between a matched and an unmatched analyses were close to one the matching was dissolved [8] in order to improve the precision of the analysis.
In the multivariate analysis only dichotomous variables were used. The dichotomous variables for milk and solid food protein, nitrosamine and carbohydrate used stratum 1 + 2 as the exposed level. The logistic regression models were fitted by means of maximum likelihood estimations. Whereas the general form of a regression analysis is Y = [~0 +/~ X~ + f12 X2 ... where Y is predicted by a set of variables and their coefficients, the logistic regression analysis models the logarithm of the odds of Y i. e. in ~ (also called the logit) and the regression model then shows the dependence of an expected proportion or probability of Y on x. In the present study, modelling the probability of being a diabetic, the assumption was that of a multiplicative association to the different exposures; thus, in each exposure, the term e ~i xi is used. In the analysis the log values are used to obtain a linear model. Then the relative risk (expressed as an odds ratio) for diabetes when children were exposed to the risk factor is exp /3. The likelihood ratio statistic measures the significance of the model. The null hypothesis is that the coefficients for all the parameters are simultaneously zero. The deviance of the model is the likelihood ratio statistics between the fitted model and the completely saturated model and can be used as a measure of the goodness of fit. The in dependent significance of an estimated coefficient of a variable in the model was tested using the Wald test statistic which, in general, will be close to the value of a corresponding likelihood ratio statistic, computed as the difference between the deviances of the models with and without the respective term. Ninety-five percent confidence limits were calculated using the iterative method. To analyse the determinants of age at onset for the cases, Cox's proportional hazards regression was used. This model is normally used to analyse follow-up data as it models the failure time. Though the present study is crosssectional in nature the diabetic cases can be regarded as followed from birth to the time at onset and thus the time at onset of diabetes can be modelled as a function of the recorded exposures. All the statistical methods used have been described previously [9] .
Results
Univariate statistics
A summary of the results of the univariate statistics are given in Table 1 . Breast-feeding and stressful life-events were associated with a significant risk only in certain age groups. A high intake of some of the different nutrients are related and were therefore standardized for each other. Thus, when the frequency of fat intake was standardized for protein intake the trend in odds ratio by exposure level was no longer statistically significant, whereas the frequency of protein intake still showed a significant trend in the odds ratio when standardized for fat. Nutrients rich in protein and nitrosamine nutrients were still associated with a significant trend when standardized for each other. Since fish protein and meat protein are both associated with an increase in trend these nutrients were combined. The frequency of infections was closely related to the frequency of intake of antibiotics, and when standardized for each other neither trend remained significant. In the multivariate statistics we chose to use frequency of infections but not the use of antibiotics as a risk factor. The girls and boys were analysed separately for height. For boys but not girls, the odds ratio remained statistically significant.
Multivariate analyses
Logistic regression of risk determinants in all age groups and interactions. The risk of being a diabetic child was first modelled using the variables indicated by an asterisk in Table 1 . The "fit" model is shown in Table 2 . In this model reported familial diabetes, both insulin-treated and noninsulin-treated, and specific eating habits were the strongest independent risk determinants. Maternal education and age were no longer significant indicating that these variables affect the risk only indirectly through some of the other included risk determinants. To analyse possible interactions between the terms of this fit the significant terms of the model were combined in pairs. A clear tendency to interaction was found for "the frequency of infections in the last year" • "a high frequency of intake of nutrients rich in nitrosamine" (OR = 11.79, p ; 0.053) thus indicating a synergistic effect of the two variables.
Cox regression of determinants for age at onset of the diabetic children
The model included all risk determinants indicated by an asterisk in Table 1 . The outcome variable was age at diagnosis in months. Table 3 shows that the only variable (ex- Table 4 . Logistic regression analysis of the risk determinants for diabetes with onset at 04, 5-9 and 10-14 years of age, respectively. In the first step all variables denoted by * in Table 1 cept the obvious association with maternal age) which tended to determine the age at onset was stressful lifeevents occurring during the year preceding diagnosis.
Modelling the risk of developing diabetes in different age groups
The variables of the model given in Table 2 were modelled for children 0-4, 5-9 and 10-14 years, respectively, and terms yielding ap-value > 0.20 were excluded to yield the new models shown in Table 4 . Different risk profiles emerged in the different age groups with a breast-feeding duration of less than 3 months and increased height being significant only among the youngest children. The protective effect of measles vaccination and the increase in risk with an increased number of infectious diseases were significant only among children in the 5-9 years age group. Except for a low frequency of intake of milk, that added to the regression in all age groups, the various nutrients had different impact on the risk model in the three age groups.
No specific patterns were, however, found when analysing the data by sex.
Discussion
The analyses primarily performed in the Swedish casecontrol study, concentrating on non-genetic risk determinants for childhood-onset Type 1 diabetes, was based on a conceptual model of multifactorial causation [2] and carried out in steps according to this model. The analyses revealed a set of thirteen significant risk determinants the independence of some of which could be studied using standard stratification strategies. To study the effect on each of these thirteen risk determinants unconfounded by all the others, however, a multivariate modelling of the data was necessary simply because further stratification would yield too small strata. The multivariate analysis is also useful when looking for possible interactions between risk determinants e.g. synergistic effects that may be of a considerable biological interest. Therefore, even if a stratified analysis yields more straightforward interpretations and provided each multivariate model is based on a relevant biological hypothesis, this kind of analysis may provide important new knowledge. When all thirteen risk determinants for childhood diabetes were included in a logistic regression model social risk determinants, such as maternal age and education disappeared whereas risk factors, related to eating habits, remained significant, indicating that the latter may depend on the former. A clear tendency towards a positive interaction between the total frequency of infectious diseases during the year preceding the onset of diabetes and a high frequency of intake of nitrosamine-rich compounds was reve aled, which me ant a more than ten-fold increase in risk. A high frequency of infections may be part of the process that leads to diabetes by two different mechanisms, firstly by non-specific release of interleukin i which has proved to be of pathogenic importance for Beta-cell destruction [10] , secondly by an increase in the need for peripheral insulin. There are several indications that nitrosamine compounds are diabetogenic in experimental animals [11, 12] and that the pathogenic action takes place at Beta-cell level. The positive interaction between these two risk determinants indicates that a B eta-cell toxic action of a high frequency of nitrosamine-rich food intake may be enhanced by a simultaneous exposure to infectious diseases.
Quite different risk profiles were found in children of different ages. In the youngest age group a short breastfeeding period and a high growth rate were important risk determinants not seen in the older age groups. A high growth rate may be a stress factor for the Beta cell since it increases the demand for insulin production probably via an increase in peripheral insulin resistance induced by high levels of growth hormone [13] . A short duration of breastfeeding has repeatedly been shown to be associated with an increased risk of Type i diabetes [13] [14] [15] . The mechanism for this increased risk may be either a lack of immunological protection by the mother's milk or be dependent on the early introduction of cow's milk formula which may trigger a pathologicalimmune response. The latter hypothesis accords with the findings of increased levels of IgA-antibodies to both cow's milk and betalactoglobulin, especially in young recent-onset diabetic children [16] . Our finding of a lower frequency of milk intake among diabetic children may indeed be in accordance with the idea of an early introduction of cow's milk proteins leading not only to cow's milk antibodies but also perhaps to clinical cow's milk intolerance which, in turn would lead to a decrease in milk intake after the first years of fife.
Among children 5-9 years of age the frequency of infections and vaccination against measles were important independent risk determinants. Vaccination against measles was introduced in Sweden as a voluntary vaccination in 1971, but since 1982 it has been part of the general vaccination programme, therefore, among the youngest children almost all cases and referent children have had this vaccination. This may explain why the protective effect will emerge only among older children. Measles is a serious infectious disease which leads to a series of immunological reactions and also probably to an intense inflammatory response with high levels of interleukin I release. Thus, the protective effect of measles vaccination may be both specific and non-specific.
In the univariate analysis a stressful fife-event i.e. a separation within the family such as a divorce or the death of a family member was a risk factor only in the 5-9 year age group. In the multivariate analysis, however, the stat-761 istical significance of this factor disappeared, even in this age group. On the other hand, among the risk determinants for the age of disease onset, a stressful life-event was the only one that tended to have a significant effect. The interpretation may be that stressful life-events may have an effect on the time of onset of diabetes, perhaps by increasing the levels of catecholamines which in turn increase the peripheral insulin requirement [17] . However, when compared to other risk factors of pathogenic importance for Beta-cell destruction, this risk factor may be of little significance. It should be noted that the lack of significant associations of the other risk determinants to the time of disease onset may be due to small numbers as well as the cross-sectional study design and only a prospective study may more distinctly exclude such associations.
It is interesting to note that the frequency of intake of foods rich in carbohydrate, protein and nitrosamine varies as risk factors in different age groups, probably because of differences in eating habits between the age groups. A low frequency of milk intake appeared as a strong risk factor in all age groups. The possibility of a connection between these findings and the early introduction of cow's milk proteins leading to an increased susceptibility to cow's milk protein intolerance must be further examined.
In conclusion, this study has shown that risk factors associated with an increased growth and with lifestyle habits such as duration of breast-feeding and intake of different foods, as well as the total load of infectious diseases, are important and independent risk factors for the development of Type 1 diabetes in childhood. The risk profiles seem to differ significantly in different age groups. Stressful life-events may be of importance for the time of onset of the disease.
The different risk profiles in different age groups and the independence of some of the identified risk determinants as well as the indicated synergism support the idea of a complex mode of disease causation. In the genetically susceptible individual different triggers may induce and/or accelerate the immunopathogenic process in the Beta cell; whereas other risk factors acting perhaps by increasing the insulin need may precipitate the disease occurrence.
The associations with risk determinants related to lifestyle habits should be further studied in different countries. This may provide a basis for primary intervention strategies at the population level that may effectively stop the increasing incidence of childhood Type i diabetes now reported from many countries in the world.
